Research suggests that multiple suicide attempters experience considerable variability in suicide ideation and longer-duration suicidal crises, which suggests the possibility of two states of stability (one low risk and one high risk). To date, however, few studies have examined nonlinear change processes in suicide ideation among patients. In a sample of 76 active duty U.S. Army soldiers receiving brief cognitive behavioral therapy for acute suicide risk, we examined differences in the ebb and flow of suicide ideation among multiple attempters, first-time attempters, and ideators. Results indicated that multiple attempters were characterized by two states of stability corresponding to low and high intensity suicide ideation; these states were separated by a region of instability corresponding to moderate intensity suicide ideation. In contrast, ideators and first-time attempters were characterized by only a single state of stability corresponding to low intensity suicide ideation. Among patients who have made multiple suicide attempts, suicide ideation may function as a bimodal rather than a continuous construct.
Research suggests that multiple suicide attempters experience considerable variability in suicide ideation and longer-duration suicidal crises, which suggests the possibility of two states of stability (one low risk and one high risk). To date, however, few studies have examined nonlinear change processes in suicide ideation among patients. In a sample of 76 active duty U.S. Army soldiers receiving brief cognitive behavioral therapy for acute suicide risk, we examined differences in the ebb and flow of suicide ideation among multiple attempters, first-time attempters, and ideators. Results indicated that multiple attempters were characterized by two states of stability corresponding to low and high intensity suicide ideation; these states were separated by a region of instability corresponding to moderate intensity suicide ideation. In contrast, ideators and first-time attempters were characterized by only a single state of stability corresponding to low intensity suicide ideation. Among patients who have made multiple suicide attempts, suicide ideation may function as a bimodal rather than a continuous construct.
Suicide is a leading cause of death in the United States (Centers for Disease Control and Prevention, 2014); among U.S. military personnel, suicide ranks as the second leading cause of death (Department of Defense, 2013; Schoenbaum et al., 2014) . Of the many risk factors that have been identified for suicidal behavior, suicide ideation and a history of suicide attempts are among the strongest and most robust predictors (Brown, Beck, Steer, & Grisham, 2000; Bryan, Bryan, Ray-Sannerud, Etienne, & Morrow, 2014; Bryan & Rudd, 2006; . Individuals who have made multiple suicide attempts (i.e., multiple attempters) are at especially increased risk, which may be due to the fact that they report more severe levels of psychopathology and life stressors as compared to those who have never attempted suicide (i.e., ideators) and those who have made only one suicide attempt (i.e., firsttime attempters) (Bryan, Clemans, Leeson, &Donaldson, 2003; Forman, Berk, Henriques, Brown, & Beck, 2004; Rudd, Joiner, & Rajab, 1996; Stein, Apter, Ratzoni, Har-Even, & Avidan, 1998) . Multiple attempters also demonstrate greater impairment in problem-solving capacity than nonmultiple attempters (Forman et al., 2004; Rudd et al., 1996) . Multiple attempters are, therefore, among the highest risk subgroup of psychiatric patients, and present unique challenges for clinicians (Bryan & Rudd, 2006) .
According to the fluid vulnerability theory (Rudd, 2006) , these patterns are best understood by conceptualizing suicide risk along two dimensions: baseline and acute. Baseline risk for suicide refers to the chronic or persisting dimension of suicide risk that remains relatively stable over time, whereas acute suicide risk refers to the dynamic dimension of suicide risk that corresponds to natural fluctuations in an individual's risk factors and life circumstances. Whereas acute risk tends to be responsive to changing forces that act upon or within the individual (e.g., fluctuations in mood and hopelessness, change in life stressors), baseline risk tends to resist change over time. Baseline risk, therefore, serves as a point of equilibrium around which an individual's suicide risk fluctuates on a moment-tomoment basis. The process of emergence (and resolution) of suicide risk over time is, therefore, best characterized by a combination of stable and dynamic change processes (Bryan & Rudd, 2016) .
The fluid vulnerability theory hypothesizes that increased risk for repeated suicidal behavior observed among multiple attempters is attributable to elevated baseline risk, which serves to sensitize multiple attempters to both internal and external triggers (Rudd, 2006) . Relative to nonmultiple attempters, multiple attempters, therefore, have a greater propensity to experience suicidal crises and a tendency to experience more severe fluctuations in suicide risk. Suicidal thoughts and behavior may also function as a "familiar" coping strategy for those who have made multiple suicide attempts. In combination, these characteristics are hypothesized to contribute to longer-duration suicidal crises.
These concepts are graphically depicted in Figure 1 , which plots hypothetical fluctuations in suicide risk over time among multiple and nonmultiple attempters. Note that suicide risk in both groups demonstrates dynamic as well as stable properties. With respect to dynamism, suicide risk fluctuates in both groups, although the magnitude of these fluctuations is larger among multiple attempters. This is supported by research finding that multiple attempters report larger fluctuations in suicide ideation on a day-to-day basis (Witte, Fitzpatrick, Joiner, & Schmidt, 2005) . Research further indicates that during the time leading up to a suicide attempt, individuals are much more likely to describe their suicide ideation as a fluctuating change process than a linear change process (Wyder & De Leo, 2007) .
With respect to stability, fluctuations in suicide risk tend to return to a fixed set point, as if being pulled toward a point of equilibrium. For nonmultiple attempters, the set point is quite low, but for multiple attempters, the set point is higher. The two groups also differ from each other with respect to how they respond to large deviations from these set points. Whereas nonmultiple attempters return to baseline relatively quickly and smoothly, even when experiencing a sudden and extreme deviation (e.g., time points 24-29), multiple attempters instead appear to "jump" suddenly to a much higher risk state and remain in this higher risk state for an extended period of time, then suddenly shift back down to a low-risk state. This is consistent with studies finding that multiple attempters experience more intense and longer-duration suicidal episodes, even in response to clinical intervention, than nonmultiple attempters Joiner Jr & Rudd, 2000) .
The sudden, "catastrophic" transitions from high-to low-risk states (and vice versa) often observed among multiple attempters are one of five characteristics of a cusp catastrophe model (Zeeman, 1976) . In addition to sudden transitions, cusp catastrophe models are characterized by bimodality, which means the construct of interest is either present or absent; hysteresis, which means the transition from state A to state B does not necessarily occur under the same conditions as the transition from state B to state A; inaccessibility, which means that certain levels or aspects of the construct are unlikely to exist; and divergence, which means that very small changes can lead to disproportionately large outcomes. Catastrophe models include several mathematical models that describe "catastrophic" change processes that are well-known in the field of mathematics and other scientific disciplines but have only been used infrequently within the mental health disciplines (Butner, Gagnon, Geuss, Lessard, & Story, 2015) . When catastrophe models have been used, they have proven to be especially valuable for understanding complex behavioral phenomena such as anorexia, alcohol use, and nonsuicidal selfinjury (Armey & Crowther, 2008; Armey, Nugent, & Crowther, 2012; Butner et al., 2015; Clair, 1998; Hufford, 2001; Zeeman, 1976) .
As applied to the issue of suicide risk among multiple attempters, the cusp catastrophe model implicates the possibility of multiple states of stability that are separated by regions of instability. These separate states of stability could manifest in a number of ways among suicidal individuals including psychiatric symptom severity, sleep disturbance, or intensity of suicide ideation. Suicide ideation is especially relevant for understanding the process of risk over time due to its established utility in predicting suicidal behavior (Brown et al., 2000; Joiner et al., 2003) as well as its ability to differentiate between multiple and nonmultiple attempters along several dimensions: intensity (Joiner & Rudd, 2000) , variability , and duration Joiner & Rudd, 2000) . According to the cusp catastrophe framework, within each stable state (whether low or high), suicide ideation is expected to settle into a state of equilibrium that tends to resist change, meaning that when the system is disturbed, it will seek to reestablish its equilibrium. In other words, when an individual experiences intensification in suicide ideation relative to his or her equilibrium point (i.e., being more suicidal than usual), he or she will tend to return to a state characterized by less intense suicide ideation. By extension, when an individual experiences a decline in suicide 
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NONLINEAR CHANGE IN SUICIDE RISK ideation relative to his or her equilibrium point (i.e., being less suicidal than usual), the individual will tend to return to a higher risk state. Key to the cusp catastrophe is the existence of a region of instability between multiple stable states. Because of the inherent instability of this region, the construct or behavior is very unlikely to exist in this state. The inaccessibility of this state contributes to the discontinuous or sudden change when transitioning between the two states. An idealized representation of this process is depicted graphically in Figure 2 , which represents two basins of attraction separated by a ridge. Each basin corresponds to a stable state of attraction because a ball placed in either basin would tend to remain in its basin, even if it were pushed. The ridge, by contrast, corresponds to an unstable state characterized by repulsion because a ball placed on top of it would tend to fall into one of the two basins, even in response to a very minor push. Moving the ball from one basin to the other would, therefore, require a large force to act upon it in order to (1) overcome the attractive pull of the current basin and (2) overcome the repulsive push of the ridge. Because of these conditions, a shift from one basin to the other would require a very large force to act on the ball, which would cause the transition to appear sudden and rapid. Once in the new basin, the ball would likely remain there until a sufficiently strong force pushed it up and over the ridge and back into the original basin; a process that would appear to be just as sudden as the transition in the opposite direction. This scenario represents the cusp catastrophe model under ideal conditions, in that the intermediate state of instability (region A) is completely inaccessible. In the real world, complete inaccessibility of this intermediate state is rarely encountered.
Because of the cusp catastrophe's capacity to explain nonlinear change processes over time, it may be especially useful for understanding differences in temporal trajectories of risk among various subgroups of suicidal patients. If temporal trajectories of risk sufficiently differ from each other, they could potentially serve as a unique "signature" for various subgroups of suicidal patients. This, in turn, could potentially be used to enhance interventions and treatments for preventing recurrent suicidal behavior. To date, however, no studies have explicitly examined the stable and dynamic dimensions of change processes simultaneously among various subgroups of suicidal patients. In light of this research gap, the primary aim of this study was to model . Graphical depiction of stable and unstable regions described by the cusp catastrophe model. As applied to suicide risk, Region A represents the state of instability that exists between two states of stability, one corresponding to a lower risk state (basin B) and one corresponding to a higher risk state (basin C). The gray ball at rest at point A is unlikely to remain in this state because any amount of force, even a very small force, would cause it to tumble into either basin B (lower risk state) or basin C (higher risk state), where it would come to rest. In contrast, the black ball at rest at point B is likely to remain in this state because when acted upon by a force, it experiences a push away from point A (i.e., repulsion) and a pull back toward point B (i.e., attraction). A similar push/pull force acts upon a ball at rest at point C. In order to move this ball from point B to point C (or the reverse: from point C to point B), the ball must experience a force strong enough to push it up and over point A. Because of the considerable force required to make this transition, the ball would appear to suddenly or unexpectedly jump from a lower risk to a higher risk state (and vice versa).
fluctuations in suicide ideation among nonmultiple and multiple attempters receiving brief cognitive behavioral therapy (CBT). To achieve this aim, we analyzed data from an outpatient clinical sample of active duty U.S. Army soldiers, a population with elevated risk for suicide (Schoenbaum et al., 2014) . The following hypotheses were tested in this study:
1. The change process for suicide ideation observed among multiple attempters will significantly differ from the change process observed among nonmultiple attempters (i.e., ideators and first-time attempters); 2. Multiple attempters, but not ideators or first-time attempters, will have two points of stability for suicide ideation, consistent with a cusp catastrophe model.
METHODS

Participants and Procedures
This study entailed a secondary data analysis of a randomized clinical trial testing the effectiveness of brief CBT as compared to treatment as usual for the treatment of acutely suicidal active duty Army personnel. A full description of the sample, procedures, and treatments has been published elsewhere along with a CONSORT chart . This study was focused on the 76 participants randomized to brief CBT because suicide ideation was assessed in this group on a session-by-session basis.
Participants included active duty U.S. Army soldiers referred for brief CBT due to acute suicide risk. Participants were predominantly male (n = 64, 84.2%) with a mean age of 27.18 (SD = 6.25) years and had served in the Army for a mean of 5.03 (SD = 4.23) years. Self-reported racial identity was 76.3% Caucasian, 13.2% African American, 5.3% Native American, 2.6% Pacific Islander, 1.3% Asian, and 6.6% other. Hispanic ethnicity was assessed separately and was endorsed by 17.1% of participants. Distribution of military rank was 78.9% E1-E4, 19.7% E5-E6, and 1.3% E7-E9. Approximately three-quarters of the sample (76.3%) had deployed at least once. A total of 61 (80.3%) participants reported active suicide ideation during the previous week and 59 (77.7%) had a history of suicide attempt.
Participants were recruited via direct referrals from military mental health providers upon discharge from a psychiatric inpatient facility from January 2011 to September 2012. Soldiers were evaluated by trained research staff to determine eligibility for the study. Inclusion criteria included active suicide ideation with intent to die during the past week and/or a suicide attempt during the past month. Exclusion criteria were minimal: inability to complete the informed consent process due to active psychosis or mania, acute intoxication, or impaired mental status. Soldiers eligible to participate were randomized into either brief CBT or treatment as usual using a computerized randomization algorithm. Because session-by-session data were available only from participants receiving brief CBT, this study was restricted to participants in that treatment group only. At the beginning of each session, participants completed a weekly tracking log that assessed severity of suicide ideation since the previous session. As reported in , participants attended a mean of 12 sessions of brief CBT. The study was approved by the institutional review board at Madigan Army Medical Center.
Instruments
Suicide ideation was assessed at each therapy session with item 9 of the Beck Depression Inventory, Second Edition (BDI-II; Beck, Steer, & Brown, 1996) . This item assesses the severity of suicide ideation and intent on a 4-point scale: 0 (I don't have any thoughts of killing myself), 1 (I have thoughts of killing myself, but I would not carry them out), 2 (I would like to kill myself), and 3 (I would kill myself if I had the chance). The
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NONLINEAR CHANGE IN SUICIDE RISK item is moderately correlated (r's > .56) with the Beck Scale for Suicide Ideation (Beck & Steer, 1991) , and scores have been shown to predict future death by suicide (Brown et al., 2000) . It is a widely used method for efficiently screening and monitoring suicide risk during the course of psychiatric treatment.
Suicide attempt history at baseline was established using the Suicide Attempt SelfInjury Interview (SASII; Linehan, Comtois, Brown, Heard, & Wagner, 2006) , a clinicianadministered structured interview designed to assess the characteristics of intentional self-injury (e.g., method, intent, lethality). The interview's reliability and validity are established. In this study, suicide attempt was defined as behavior that is self-directed and deliberately results in injury or the potential for injury to oneself, for which there is implicit or explicit evidence of suicidal intent (Crosby, Ortega, & Melanson, 2011) . Participants were classified into one of three groups according to the total number of lifetime suicide attempts assessed at baseline: ideators, which included participants who had never made a suicide attempt (n = 11, 14.5%); firsttime attempters, which included participants who had made one suicide attempt (n = 33, 43.4%); and multiple attempters, which included participants who had made two or more suicide attempts (n = 32, 42.1%). The SASII was also administered at 3-, 6-, 12-, 18-, and 24-month follow-up assessments to determine the incidence and timing of subsequent suicide attempts during and following treatment.
Data Analysis
All analyses were conducted using SAS 9.4 (SAS Institute Inc., Cary, NC USA). Baseline differences in mean suicide ideation were tested using univariate analysis of variance (ANOVA). Overall linear change in mean suicide ideation scores was examined using multilevel generalized models for an ordinal outcome variable and random effects specified for the intercept and time. The statistical cusp catastrophe model can be tested with the equation
where z 1 represents BDI-II item 9 score (i.e., severity of suicide ideation) at a given session, Dz represents the change in item 9 score from one session to the next, b represents the bifurcation parameter, and a represents the asymmetry parameter (Chen et al., 2014; Guastello, 1988 Guastello, , 2011 . The bifurcation parameter and asymmetry parameter are known as control parameters because they determine, respectively, how many stable states exist within the system (i.e., one or two) and the relative strength of stability for each state. The cusp catastrophe requires a statistically significant bifurcation parameter and a statistically significant cubic effect.
For studies with more than two repeated measurements and unknown bifurcation and asymmetry parameters, the cusp catastrophe model can be tested within a multilevel framework in which the control parameters are estimated with random effects (Butner, Dyer, Malloy, & Kranz, 2014 ) using the following level two equations:
The combination of these level two equations with the level one equation results in the nested equation
In this equation, the gamma coefficients represent the mean coefficients for participants (i.e., fixed effects), whereas the omega coefficients represent variability in the gamma estimates across each individual participant (i.e., random effects). The random effects, therefore, capture variability in the control parameters, thereby providing a method for testing the cusp catastrophe hypothesis without knowing the identity of the control parameters themselves (Butner et al., 2014) . This random effects multilevel equation was used for this study.
As noted earlier, the cusp catastrophe hypothesis is confirmed via a statistically significant cubic effect (c 10 ) and a statistically significant bifurcation parameter (x 1i ). The cusp catastrophe hypothesis is further confirmed when the model fit for the cubic model is significantly better than the model for the reduced linear model. Statistical tests of the cusp catastrophe require at least a test of the quadratic effect to determine optimal model fit (Butner et al., 2014; Guastello, 1988 Guastello, , 2011 . If the quadratic effect is statistically nonsignificant, it can be removed from the model to enhance the estimation of the cubic effect, thereby reducing the full polynomial equation to a simplified form that is widely used in mathematics (Guastello, 1988) . Consistent with these recommendations, we first tested the full multilevel random effects model with the quadratic term included. If the quadratic term was statistically nonsignificant, the effect was removed, and the reduced model was tested. If either the cubic effect or the bifurcation parameter was statistically nonsignificant in this reduced model, the cusp catastrophe hypothesis was determined to be not supported. In contrast, if both the cubic effect and the bifurcation parameter were statistically significant in this reduced model, the cusp catastrophe hypothesis was supported. In our final step, the cubic effect was removed from the model, resulting in a linear model. Model fit for the linear model was compared to the cubic model using Bayes Information Criterion values, using a smaller is better approach.
In terms of statistical power, Chen et al. (2014) noted that, in addition to sample size, power to detect a single-level cusp catastrophe model is influenced by the precision of the obtained coefficient estimates. In samples with low variance (i.e., good precision), power is sufficient in samples as small as 36; in samples with even less variance (i.e., better precision), power would be sufficient in even smaller samples. In this study, we employed multilevel models, which requires consideration for the primary level of analysis (in this case, the patient level), the number of level one measurements (i.e., up to 12 BDI-II item 9 scores), and the intraclass correlation for the outcome (Adams et al., 2004) . Based on these considerations, the effective level 1 sample sizes for this study were determined to be n = 19 for ideators, n = 57 for single attempters, and n = 55 for multiple attempters. The variance estimates across these three groups were comparable to or smaller than that the best-case scenario used by Chen et al. in their simulations study. This study was, therefore, determined to have sufficient power to test the cusp catastrophe hypothesis.
RESULTS
In a previous report, we found no significant differences in our sample at baseline among ideators, first-time attempters, or multiple attempters on any demographic variable or psychiatric diagnosis with the exception of borderline personality disorder, which was significantly more common among multiple attempters . Mean BDI-II item 9 scores also did not significantly differ at baseline among ideators (M = 1.00, SD = 0.45), firsttime attempters (M = 1.03, SD = 0.81), and multiple attempters (M = 1.16, SD = 0.85), F(2,73) = 0.62, p = .762. Mean BDI-II item 9 scores across the first 12 sessions of brief CBT, by suicide attempter group, are displayed in Figure 3 . Results of multilevel generalized linear modeling indicated that the likelihood of no suicide ideation significantly increased over time (B = .33, SE = .07) F(1,64) = 51.09, p < .001, with no differences across suicide attempt groups, F(1,615) = 0.39, p = .679. There was a statistically significant random effect of time, however (B = .06, SE = .02), which indicated that although the speed of 392 NONLINEAR CHANGE IN SUICIDE RISK recovery did not differ between groups, it significantly differed across individual participants.
We next sought to test the cusp catastrophe hypothesis among ideators, first-time attempters, and multiple attempters. Among ideators and first-time attempters, the cubic effect could not be specified, and the random linear effect was statistically nonsignificant, which failed to support the cusp catastrophe hypothesis. Among multiple attempters, the cubic model converged but the quadratic effect was statistically nonsignificant (B = .42, SE = .33, p = .200). We, therefore, dropped the quadratic effect and repeated the analysis. In the reduced model, the cubic effect (B = À.03, SE = .01, p = .040) and the random linear effect (i.e., the bifurcation parameter; B = .11, 0.04, p = .015) were statistically significant. Comparison of the BIC values from the linear (398.0) and the cubic (369.3) models also indicated that the cubic model had significantly better fit than the linear model [v(4) = 29.7, p < .001]. Results are summarized in Table 1 . Taken together, these findings supported the cusp catastrophe hypothesis for multiple attempters but not ideators or first-time ideators.
The further clarify the nature of the stable states across groups, the one-dimensional state space for ideators, first-time attempters, and multiple attempters is plotted in Figure 4 . As can be seen, for ideators and first-time attempters there is only one value of suicide ideation where the change score is equal to zero (ideators: x = 0.28; first-time attempters: x = 0.34), whereas for multiple attempters there are three values of suicide ideation where the change score is equal to zero (x 1 = 0.21, x 2 = 1.65, x 3 = 2.25). Because these scores reflect the levels of suicide ideation at which no change occurs, these scores represent the set points for each group. Negative slopes suggest an attractor set point (i.e., stable states), whereas the positive slope suggests a repeller set point (i.e., an unstable state). All three groups had attractor set points at a low level of suicide ideation (x < 0.35), which suggests that, regardless of suicide attempt history, suicide ideation tended to be drawn toward and stabilize at a relatively low-risk state. Multiple attempters also had a second attractor set point at a high level of suicide ideation (x 3 = 2.25), however, indicating that suicide ideation tended to be drawn toward and stabilize at a relatively high-risk state as well. Consistent with a cusp catastrophe model, in between these two stable states was a repeller set point from which suicide ideation was pushed away (x 2 = 1.65), which indicates that suicide ideation tended to be unstable at moderate levels of risk.
DISCUSSION
The primary aim of the current study was to model change processes in suicide ideation during the course of outpatient psychotherapy among patients who had never attempted suicide (i.e., ideators), had attempted suicide only once (i.e., first-time attempters), or had attempted suicide two or more times (i.e., multiple attempters). Results based on traditional linear modeling approaches indicated that suicide ideation showed similar patterns of decline across all three subgroups, which would suggest that ideators, first-time attempters, and multiple attempters demonstrate similar change processes during treatment. When nonlinear change processes were considered, however, group differences became apparent. As hypothesized, change in suicide ideation showed a pronounced nonlinear pattern consistent with a cusp catastrophe model among multiple attempters only; ideators and firsttime attempters were better characterized by linear change processes. Consistent with the cusp catastrophe model, multiple attempters The quadratic effect was statistically nonsignificant in the full model, so it was suppressed to enhance the estimation of the cubic effect (cf. Guastello, 1998 Guastello, , 2001 .
b The cubic effect could not be specified because it provided no additional information beyond the quadratic effect. *p < .05, **p < .01, ***p < .001. sudden shifts in risk state, more intense suicidal crises, greater variability in suicide ideation, and longer-duration suicidal crises Esposito et al., 2003; Forman et al., 2004; Joiner & Rudd, 2000; Rudd et al., 1996; Stein et al., 1998) .
The present results indicate that the apparent suddenness of this transition occurs because the two stable states that characterize multiple attempters are separated by a region of instability that corresponds to a moderate risk level. In other words, multiple attempters are drawn toward either a low-risk state or a high-risk state and are much less likely to remain in a moderate risk state. Multiple attempters, therefore, tend to "skip over" moderate levels of suicide ideation when experiencing a relatively small amount of change in other variables. These other influential variables are known as control parameters and were estimated in the present study using random effects. The first control parameter, the bifurcation parameter, determines how many stable states exist within the system, and the second control parameter, the asymmetry parameter, determines the strength of stability for these states. The present results demonstrated that these control parameters exist, but the identity of these control parameters remains unknown. Additional research is required to identify the nature of these control parameters and to further elucidate how they contribute to nonlinear change processes among multiple attempters. Critically, these control parameters may not be linearly associated with suicide ideation (or possibly even suicidal behaviors), meaning that nonlinear models may be required to identify and describe them. The present findings may provide some context for recent findings that several decades of research focused on identifying suicide risk factors and predicting suicidal behaviors have resulted in limited advances (Franklin et al., 2016) . Specifically, the use of linear models that assume proportional change processes among risk factors and suicide-related outcomes may not characterize the process of suicide risk with sufficient specificity.
Our findings also provide an explanation for multiple attempters' tendency to experience longer-duration suicidal crises: once in a high-risk state, they stabilize. In essence, multiple attempters become "stuck" in their high-risk state, which results in more severe and longer-duration suicidal crises. This tendency to get stuck in highrisk states is consistent with research implicating deficits in executive functioning among suicide attempters, especially in the areas of attentional control, perseveration, and set-shifting (Cha, Najmi, Park, Finn, & Nock, 2010; Keilp, Gorlyn, Oquendo, Burke, & Mann, 2008; McGirr, Dombrovski, Butters, Clark, & Szanto, 2012; , all of which implicate the role of neurocognitive rigidity in vulnerability to suicidal behavior, especially during negative mood states (Dombrovski et al., 2010; Schotte, Cools, & Payvar, 1990; Williams, Barnhofer, Crane, & Beck, 2005) . These latter studies finding that neurocognitive deficits occur primarily within the context of negative mood suggests the possibility that mood functions as a control parameter, such that relatively small shifts in mood state lead to very large shifts in suicide risk. Additional research is needed to identify and describe the control parameters that influence the discontinuous change process observed in the present study.
In contrast to the pattern among multiple attempters, nonmultiple attempters demonstrate a single attractor state, or point of equilibrium, associated with low intensity suicide ideation. Nonmultiple attempters, therefore, experience a pull toward this low-risk state regardless of the severity of their crisis. Indeed, the more intensely suicidal they become, the stronger this pull toward a lower risk state becomes. Shifts in suicide ideation, therefore, tend to occur gradually and continuously, in sharp contrast to the discrete and discontinuous change process seen among multiple attempters. As a result, nonmultiple (Lambert, 2010; Lambert et al., 2001) . Understanding nonlinear change processes can also provide clinicians with a framework for explaining to patients why and how seemingly sudden shifts between low-and highrisk states might occur, thereby contextualizing their personal experience. This, in turn, may provide a platform for reframing or restructuring maladaptive self-appraisals. For example, patients who engage in repetitive suicidal behavior are often described as "impulsive," a perspective that can be experienced as pejorative or demeaning by many suicidal patients, especially multiple attempters (Bryan & Rudd, 2006; Jobes, 2006; Linehan, 1993) . From a research perspective, our results suggest that linear-based models may be insufficient for understanding the phenomenology of suicide risk. Indeed, one implication of the cusp catastrophe model is that the inability to accurately predict suicidal behaviors may be related to the continued use of linear assumptions in most research studies. Research methods that integrate nonlinear dynamics might, therefore, provide important advances in understanding who and when individuals might become suicidal and/or transition from suicidal thought to action. The present study, therefore, lends support for continued research based on nonlinear assumptions.
Conclusions based on the present study should be made in light of several limitations. First, the present sample was restricted to active duty U.S. soldiers receiving one particular type of outpatient psychotherapy: brief cognitive behavioral therapy. The patterns identified in this study could, therefore, be limited to military personnel and/or patients who receive this particular form of psychotherapy. Additional studies conducted with nonmilitary samples and other psychotherapeutic approaches are needed to determine the generalizability of results. Related to this first limitation, the present sample was also predominantly male, which hinders our ability to determine if change processes might differ by gender. Next, our use of a single-item measure of suicide ideation could contribute to measurement error (Millner, Lee, & Nock, 2015) . Although multi-item assessment of suicide ideation can reduce this error, it can also be impractical for session-to-session monitoring of suicidal thinking during the course of psychotherapy. Future research that uses multi-item assessment of suicide ideation would be useful to determine the optimal balance of possible measurement error and clinical pragmatism. Finally, because our analyses were focused on suicide ideation only, conclusions based on the present study may not generalize to other indicators of suicide risk or emotional distress. For example, risk indicators such as depression or hopelessness may show different change processes than suicide ideation. Future research is needed to examine these issues. Despite these limitations, the present study provides novel information about the process of suicide risk among various subgroups of at-risk patients, and supports the utility of nonlinear dynamics for understanding the ebb and flow of suicide risk during the course of therapy, including the identification of change processes that might signal repetitive suicidal behavior.
